For the direct lateral lumbar interbody fusion (DLIF), the neurophysiological intraoperative monitoring (IOM) is mandatory to prevent lumbar plexus injury during the operation (6,8,11, 16) . The guideline for mini-open OLIF also recommends the addition of IOM during surgery but there is doubt concerning the necessity of the IOM because of its clear trait that can treat psoas muscle minimally.
The purpose of this retrospective study was to verify the necessity of IOM in mini-open OLIF by comparing the clinical results and incidence of the transient and persistent █ INTRODUCTION R ecently, a new minimally invasive surgical technique using an oblique lateral corridor for lateral lumbar interbody fusion has been introduced (1, 2, (5) (6) (7) (12) (13) (14) 20) . This technique, so-called "mini-open oblique lateral lumbar interbody fusion" (OLIF) exploits a window between the prevertebral venous structures and anterior border of the psoas muscle to access the targeted disc. Different from the traditional direct lateral lumbar approach passing through the psoas muscle, mini-open OLIF might reduce the complications related to lumbar plexus injury in the psoas muscle.
perioperative complications between the patients who underwent mini-open OLIF with and without IOM.
█ MATERIAL and METHODS
From October 2013 to September 2015, total 129 consecutive patients who were diagnosed as degenerative spinal disease from L1 to S1 and underwent mini-open OLIF were identified and retrospectively reviewed. The operations were conducted by three different surgeons (K.S.R, J.S.K and J.W.H) with the same surgical protocol.
Surgical Procedure
Under general anesthesia, the patient was placed on the radiolucent table in the left lateral position. In the IOM group, only a fast-acting neuromuscular blocking agent was used for intubation. The IOM system (NIM-SPINE™ System, Medtronic, Memphis, TN, USA) was applied. Needle-recording electrodes were placed in each innervated muscle in the legs to monitor the affected nerve roots. In non-IOM group, all surgical procedures were performed without neuromonitoring. Under C-arm fluoroscopic guidance, a small skin incision of 2 cm was made in 6-8 cm in front of the center of the target disc. After the serial dissection of three layers of abdominal muscles, the retroperitoneal space was identified. The window between the inferior vena cava or left common iliac vein and anterior border of the psoas muscle was exposed. After confirming the annulus of the targeted disc, a guide pin was placed into the intervertebral disc space. A tubular retractor was docked after applying sequential serial dilators. The disc removal and endplate preparation were carried out by using shavers, curettes, and forceps. Finally, a cage (PEEK Clydesdale ® , Medtronic, Memphis, TN, USA) with the proper size was inserted. All procedures were performed by an orthogonal maneuver under C-arm fluoroscopic guidance. The layer-by-layer wound closure was done in the usual way.
All patients were followed up postoperatively using a predesigned protocol. According to the use of IOM, the patients were classified into two groups: the non-IOM group and the IOM group. The IOM group was mostly used at the first half of the study period, and the non-IOM group at the second half. An independent third party, an experienced clinical study coordinator who was blinded to all relevant knowledge of the patients, assessed the clinical outcomes using a visual analog pain scale (VAS) and the Oswestry disability index (ODI).
The perioperative complications were classified based on the relation to the surgical procedure and the effect of duration. According to the relation to the surgical procedure, the complications were divided into two groups; 'procedure-related' and 'procedure-unrelated'. Based on the effect of duration, the complications were defined as 'transient'; symptom relieved within 30 days postoperatively, and 'persistent'; symptom remains more than 30 days postoperatively. Perioperative complications until 3 months postoperatively were reviewed.
Numerical results were averaged. All numerical findings were expressed as means ± SDs. The statistical program SPSS for Windows version 11.0.1(SPSS Inc.) was used for the statistical calculations, and results were considered statistically significant for p values < 0.05 █ 
RESULTS
The study groups comprised 57 cases in the IOM group and 72 in the non-IOM group. Demographic data are shown in Table I . There were no significant statistical differences in perioperative parameters between the two groups, except the preoperative duration of the symptoms. The IOM group showed longer mean preoperative symptom duration (IOM; 33.6 months, non-IOM; 20.6 months). The IOM group required 20.4 minutes of mean preparation time for assembling the IOM before surgery. The distribution of the operated level is listed in Table II . Single level surgery was the most common in both groups, and the distribution of the number of levels was similar in both groups.
At 3 months after the operation, mean VAS scores of the IOM and non-IOM groups were significantly decreased compared to their preoperative values from 7.9±1.4 to 2.7±1.8 and 7.8±1.5 to 2.6±1.4, respectively (p<0.005). Mean ODI scores of the IOM and non-IOM groups were also significantly decreased from 44.0±11.5 to 15.4±8.9 and 41.0±12.7 to 14.1±7.8, respectively (p<0.05). There were no significant differences in clinical outcomes obtained in both groups (Figure 1 ).
The IOM group showed a 24.6% incidence of procedurerelated complications, and the non-IOM group 29.2%, and these are summarized in Table III . Among the patients presenting with procedure-related complications in the IOM group, 10 patients (17.6%) were classified as transient and 4 (7.0%) as persistent complications. In the patients of the non-IOM group, 18 patients (25.0%) were defined as transient and 3 (4.2%) were persistent. Incidence of postoperative leg symptoms related to lumbar plexus and/or psoas muscle injury including pain, sensory and motor disturbance was shown as 6 transient and 3 persistent in the IOM group (overall 15.8%), and 12 transient and 3 persistent in the non-IOM group (overall 20.9%).
The overall incidence of procedure-unrelated complication accounted for 14.0% in the IOM group and 12.5% in the non-IOM group, respectively (Table IV) . The incidence of the complications in each group is summarized in Table V.
In the IOM group, 5 patients (8.8%) required re-operation because of bleeding, infection, pedicle screw malposition, and persistent pain. In the non-IOM group, 3 patients (4.2%) needed re-operation for infection and ureteral injury.
█ DISCUSSION
The mini-open lateral access technique for lumbar interbody fusion has the unique benefits preserving the posterior of posterior spinal elements including the nervous structures, and feasibility of the placement of a larger cage enhances the fusion success rate and successful reduction of disc height. On the contrary, lateral access to the lumbar spine should manipulate psoas muscle and there is a risk of lumbar plexus injury, especially in mini-open surgery using a tubular retractor. IOM is therefore mandatory to monitor and prevent lumbar plexus injury. On the other hand, many clinical series related to the lateral lumbar approach have reported frequent complications related to lumbar plexus injury with an incidence of 19% to 63%, despite the routine use of IOM (3, 4, 9, 10, 16, 18, 19) . Even though most of those complications improved gradually, some patients were left with permanent sequelae.
Since first reported in 2012 (17), the oblique lateral approach to the lumbar spine has been developed in a minimally invasive manner by using a tubular retractor. In contrast with the traditional direct lateral lumbar approach, mini-open OLIF provides access to the target disc obliquely by entering a window between the prevertebral major vessels and the anterior border of psoas muscle. Because this approach does not pass through the psoas muscle, it is expected to reduce the complications related to lumbar plexus injury. Silvestre et al. (17) noted that only a 3.9% rate of complications related to lumbar plexus injury or psoas muscle weakness following OLIF in 179 patients. Sato et al.(15) also reported a 10% incidence of leg complications after OLIF surgery in 20 patients with degenerative lumbar spondylolisthesis. Our previous report comparing the perioperative complications between DLIF and OLIF showed a 59.1% rate of approach-related complications in the DLIF group and 14.3% in the OLIF group (7). All those results demonstrate that oblique lateral access to the lumbar spine is much safer than direct lateral trans-psoas access regarding lumbar plexus or psoas muscle injury. occurrence rate. However, the non-IOM group had a lower incidence of persistent leg symptoms at 4.2% (3 in 72 cases) compared to the IOM group at 5.3% (3 in 57 cases). Moreover, the revision rate was 8.1% in the IOM group, and 5.1% in the non-IOM group. OILF without IOM could therefore increase the overall incidence of lumbar plexus or psoas muscle injury compared to OILF with IOM. However, the difference was not large and persistent complications were more frequent in cases of OLIF with IOM. Therefore, the current results indicate that IOM would not be essential in mini-open OLIF surgery.
Other major concerns of the OLIF would be injury of abdominal contents, and injury to the peritoneum, abdominal wall muscles, major vessels and ureter encountered during oblique lateral access. There was no case of complications related to the major vessel injury in the current study. However, three cases of local hematoma required revision surgery (IOM group; 2, non-IOM group; 1). Around the corridor of the OLIF, there are smaller tributaries of major vessels, which are very diverse regarding the number and the course of the branches in each patient. Therefore, all procedures should be carefully performed under clear vision to prevent and control branching vessel injury. The current study showed 5 cases of abdominal ileus (IOM group; 3, non-IOM group; 2), and all cases recovered early. Careful bowel preparation and postoperative supportive care to reduce abdominal ileus should be concerned.
The current study has several weaknesses. The number of cases is small, and it is a retrospective non-randomized study conducted at a single center.
█ CONCLUSION
Mini-open OLIF can be carried out without IOM. Although the incidence of complications related to lumbar plexus or psoas muscle injury was slightly higher than with IOM use, there was no significant difference, and the advantages are that the time and effort spent for installing the device are not necessary and the operation time is reduced. A large case study with longer follow-up is needed.
